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Cancer Connection
The small GTPase Ran has been shown to regulate HURP, a protein that
interacts with several mitotic spindle assembly factors. This discovery
sheds new light on the role of Ran in the fidelity of mitosis and in cancer.Helen S. Sanderson
and Paul R. Clarke
Cell division requires that one copy
of each chromosome is faithfully
segregated to each of the daughter
cells during mitosis, a remarkable
feat that is achieved by the mitotic
spindle, a bipolar array of
microtubules focussed at each
pole by a centrosome. One of the
most important features of
a successful mitosis is the proper
biorientation of all chromosomes
on the spindle. This is
accomplished through the
attachment of microtubules to the
kinetochore region of each
chromosome, and the stabilization
and bundling of microtubules to
form kinetochore fibres (k-fibres).
Biorientation and congression of
a chromosome to the middle of the
spindle is relatively slow, but once
achieved, may serve as a highway
for monoorientated chromosomes,
that is those attached to
microtubules from only one pole of
the spindle, enabling them to
hitchhike to the centre of the cell
where the density of searching
spindle microtubules is high [1,2].
Until all chromosomes are
successfully attached to
microtubules in a biorientated
manner, with each kinetochore
from the duplicated sisterchromatids attached to
microtubules from opposite poles
of the spindle, the spindle
checkpoint prevents separation of
the chromatids and premature cell
division. When the fidelity of this
process is compromised,
abnormal numbers of
chromosomes can be distributed
to the daughter cells (aneuploidy),
which is often associated with
cancer.
Embedded at the regulatory
heart of these processes is the
small GTPase Ran. The active
GTP-bound configuration of
Ran is generated by the
chromatin-associated guanine
nucleotide exchange factor RCC1
and promotes the release of
spindle assembly factors from
inhibitory complexes with
importins [3]. The generation of
Ran-GTP at chromosomes is
proposed to guide spindle
assembly by providing a positional
gradient signal, which has been
visualised using fluorescent
reporters in Xenopus egg extracts
and mammalian cells, most
recently by Caudron et al. [4] and
Kalab et al. [5]. Of the growing
portfolio of factors which fall under
the aegis of mitotic regulation by
Ran-GTP and importins, perhaps
the most prominent identified to
date is TPX2, which when releasedfrom importin-a triggers activation
of the Aurora A protein kinase [6].
During mitosis, activated Aurora A
phosphorylates a broad array of
proteins, including the tumour
suppressors Lats2 and BRCA1,
and the close association of Aurora
A with the development of human
cancers tallies with its central role
in centrosome functioning and
mitotic progression [7].
Two papers published recently in
Current Biology [8,9] show that
another oncoprotein,
hepatocarcinoma-upregulated
protein (HURP), is under the direct
regulatory control of Ran during
mitosis (Figure 1). HURP was first
identified as a potential oncogene
that is aberrantly expressed in
human hepatocellular carcinoma
[10]. The expression profile of
HURP correlates with that of
Aurora A, being periodically
expressed during the cell cycle and
peaking at G2/M. HURP is
a substrate for the kinase,
suggesting that they may be
coordinately regulated through
stabilisation of HURP by Aurora A
[11]. In the new studies, Koffa et al.
[8] employed Xenopus extracts to
identify novel mitotic targets of Ran
that promote bipolar spindle
formation and characterised
a HURP-containing complex with
such activity. They demonstrated
that HURP is a microtubule-
associated protein (MAP) in mitotic
extracts [8]. Complementary cell
analyses by Sillje´ et al. [9] revealed
a striking subcellular distribution,
with HURP residing predominantly
at k-fibres in prometaphase, where
it remains until telophase when
cellular levels sharply decline. This
Dispatch
R467decrease is consistent with earlier
studies indicating that CDK1/cyclin
B phosphorylation (at distinct sites
to those targeted by Aurora A)
triggers ubiquitination of HURP by
SCFFbx7 and targets it for
proteosomal degradation [12].
Koffa et al. [8] showed that, in
mitotic Xenopus extracts, HURP
forms part of a complex comprising
two additional MAPs, TPX2 and
XMAP215, together with the
plus-end directed kinesin Eg5, and
Aurora A. As a unit, this complex is
required to establish a bipolar
spindle from aster-like structures.
Aurora A kinase activity is essential
for the formation and function of
the complex, and it may target not
only HURP, but potentially also
other complex members. Given the
established functions of these
spindle assembly factors — TPX2
in chromosome-associated
microtubule nucleation and k-fibre
formation [13], XMAP215 in
microtubule nucleation [14], Eg5 in
maintenance of spindle bipolarity
[15] — the finding that they are
united in a single complex provides
the potential for coordination of
their independent activities, under
the regulatory control of Aurora A.
Aurora A, TPX2 and possibly also
Eg5 have been independently
verified as mitotic targets
of Ran [6].
In Xenopus, Ran-GTP stimulates
the interaction between TPX2 and
Aurora A (Eg2) and activates Aurora
A in a microtubule-dependent
manner, whilst simultaneously
preventing protein phosphatase
1-induced inactivation [6,16]. It is
possible that Ran may regulate the
intrinsic activities of HURP, and
potentially also the formation of the
larger multifunctional complex
described by Koffa et al. [8]. It will
be interesting to establish whether
this complex is present in somatic
cells — Aurora A and the other
mammalian counterparts of
Xenopus complex members have
been localised mainly to the
spindle poles [7]. Sillje´ et al. [9]
suggest that HURP may be
phosphorylated at the spindle
poles by Aurora A, allowing HURP
to translocate to k-fibres in a
Ran-GTP-dependent manner.
Knockdown of HURP by RNA
interference (RNAi) leads to
impaired chromosome capture andAurora A
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Figure 1. Role of HURP complex in mitotic spindle assembly.
Ran-GTP generated at chromosomes by RCC1 releases HURP, TPX2 and other spindle
assembly factors from inhibitory complexes with importins. When spindle microtubules
are captured by kinetochores, HURP, potentially in complex with Aurora A kinase, TPX2,
XMAP215 and Eg5, stabilises the interaction, bundles microtubules and promotes the
formation of k-fibres. In one model, the complex would be formed at spindle poles,
then translocate to the k-fibres. Alternatively, HURP may act at kinetochores indepen-
dently of the complex.increased duration of congression
in HeLa cells, resultant from loss of
k-fibre integrity. Nonetheless, cells
do eventually align their
chromosomes and progress
through mitosis. These data
indicate that HURP is an essential
component in k-fibre formation
and/or stabilisation, a view further
strengthened by in vitro analysis
demonstrating that recombinant
human HURP induces tubulin
polymerisation, stabilises existing
microtubules and induces
microtubule bundling in Xenopus
egg extracts [8]. Notably, these
functions appear to be independent
of microtubule nucleation, and
therefore suggest that the primary
roles of HURP relate to microtubule
polymerisation and stabilisation.
HURP can also be added to the
growing list of spindle assembly
factors whose activity is regulated
by importins. Sillje´ et al. [9] present
evidence for a direct interaction
between importin-b and HURP and
show that this interaction inhibits
the microtubule ‘bundling’ activity
of HURP in vitro and localisation to
k-fibres in cells. This suggests thatlocalised release of HURP from
importin b near chromatin in
prometaphase may be the trigger
for k-fibre stabilisation which
persists until cytokinesis is
complete. Interestingly, the
distinctive localisation of HURP
was similarly observed for another
essential component of the mitotic
apparatus, NuSAP [17]. This newly
characterised protein possesses
potent microtubule stabilisation
and bundling activities in Xenopus
egg extracts, distinct functions that
are differentially regulated by
importin-a, importin-b and
importin-7 [18].
Together, the papers by Sillje´
et al. [9] and Koffa et al. [8] provide
important new insights into the
role of HURP in the control of
microtubule organisation and the
coordination of this function within
a larger complex that is essential
for the formation of the bipolar
spindle. The overexpression of
HURP and Aurora A in cancers
suggests that misregulation of
this complex plays a role in
carcinogenesis. It remains to be
fully elucidated what the functional
Current Biology Vol 16 No 12
R468contributions of the individual
components are, how they may
cooperate, and precisely how the
complex is regulated by Ran-GTP
and importins. Understanding the
regulation of mitotic spindle
function by Ran may lead to
important new insights into the
development of cancer.
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(Figure 2A). The hermaphrodite
can then self-fertilize using its
own sperm or mate with a male.
Sex determination in these
nematodes is chromosomal:
females and hermaphrodites carry
two X chromosomes, while males
carry one. In males, the germline
is exclusively male, in females it
is exclusively female, while in
hermaphrodites, the first gametes
differentiate as sperm and the later
ones differentiate as oocytes.
Evolution to hermaphroditism thus
occurs through the modulation
of germline sex determination in
XX animals.
Conserved Determinants
of Germline Sex
In C. elegans, a common pathway
determines the sexual identity of
both soma and gametes
(Figure 2B). In males, low X dosage
results in the expression of HER-1,
a secreted protein, which inhibits
TRA-2, a Patched-like receptor.
A signal transduction pathway
